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(54) Improved thrombin-based assay for antithrombin-lll 



(57) Thrombin-based assays are disclosed for de- 
termining antithrombin III (ATI II) present in a plasma 
sample. The assays involve a heparin derivative which, 
like heparin, effectively enhances the antithrombin ac- 
tivity of ATIII, but which, unlike heparin, does not sub- 
stantially enhance the antithrombin activity of Heparin 
cotactor II (HCII). In the present assay, HCI I contributes 



about 1 5% or less to the determined antithrombin activ- 
ity. A lyophili2©d reagent composition, useful in the ATIII 
assay and comprising thrombin and a heparin deriva- 
tive, or alternatively comprising thrombin and heparin, 
is also disclosed. A high-calibrator plasma reference 
useful in the ATI II assays and in assays for other plasma 
constituents is also disclosed. Kits employing the sev- 
eral aspects of the invention are disclosed as well. 



CO 
< 

CO 
CM 

o> 
o 

Q. 
LU 



X**/?3A/0X At/ft - 



—I 1 1 1 1 T— T 

ZO 40 60 SO /00 /Z0 /40 



fir in (% A/aw**.) 



EP 0 927 767 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 31 0023 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoty 



Citation ol document with indication, where appropriate. 
of relevant passages 



Relevant 
to dairr 



CLA88IF1CA710N OF THE 
APPLICATION (IntD.S, 



EP 0 064 452 A (CHOAY SA) 
10 November 1982 (1982-11-10) 

* the whole document * 

* page 10, line 31 - line 35 * 

EP 0 657 547 A (NIPPON SHOJI KK) 

14 June 1995 (1995-06-14) 

* page 4, line 36 - line 47 * 

Slf, P. ET AL. : "Studies on the 

structural requirements of heparin for the 

catalysis of thrombin inhibition by 

heparin cof actor II" 

I0CHIM ET BIOPHYSICA ACTA, 

vol. 966, no. 2. 1988, page 188-195 

XP002101234 

* table III * 

Table I, fraction: Mr = 8.700 
Table II, No. residues 24 

* tables I, II * 

SIE P. ET AL: "Respective role of 
antithrombin III and heparin cof actor II 
in the in vitro anticoagulant effect of 
heparin and of various sulphated 
polysaccharides." 

BRITISH JOURNAL OF HAEMATOLOGY, (1986 DEC) 
64 (4) 707-14. JOURNAL CODE: AXC. ISSN: 
0007-1048.. XP002101235 
ENGLAND: United Kingdom 

* table I * 

"DX", last row of Table 1 

* table I * 

W0 92 17203 A (IBEX TECH INC ;ZIMMERMANN 
JOSEPH J (US)) 

15 October 1992 (1992-10-15) 

* the whole document * 



13-16. 
20-23 



1-23 



C1201/56 



The present search report has been drawn up fry ail claims 



Pkac»ot March 

THE HAGUE 



Data of comptrion ot rflt Mirer, 

6 October 1999 



1-23 



13,20 



1-23 



TECHNICAL FIELDS 
SEARCHED <lnl.CI.I) 



G01N 
C12N 
C12Q 



13,20 



1-23 



Hoekstra, S 



CATEGORY Of C^ED DOCUMENTS 

X : particular* relevant If taken alone 

Y . partcuiarty relevant A combined with o roths - 

co:urr*nt o' the same caiego:v 
A lechnological oackground 
O : non-wr.nen oractoeure 
F : intermediate document 



T theory cr pnncpte urdar tying the invention 
E ■ carter patent document, but pubf shec on. or 

after the rilng date 
D : document atad in the application 
L document died lor other masons 

& member ot erie same patera family, corresponding 
dtxixnent 



EP 0927 767 A3 




European Patent 
Office 



EP 98 31 0023 



Application Number 



CLAIMS INCURRING FEES 



f 



The present European patent application comprised at the time of filing more than ten claims. 

□ Only part of the cla»ms have been pad within the prescribed time limit. The present European search 
repot has been arawn up for the first ten claims and for those claims for wnich claims fees have 
been paid, namely aaim(s): 



□ No claims fees have been paid within the prescribed time limit. The present European search report has 
been drawn jp for the first ten ciaims. 



The Search Division considers that the present European patent application does not comply with tne 
requirements of unity of invention and rebates to several inventions or groups of inventions, namely: 



see sheet B 



All further searcr tees nave been paid within the lixed time limit. The presem European search report has 
been drawn up fcr all ciaims. 



□ AsaJi searchable claims couic be searched without etton justifying an additional fee. the Search Division 
did not invite payrrent of any acdttional lee. 



I I Only pari of the further search fees have been paid within the fixed time limit. The present European 
I — I search report has been drawn uo lor those parts of the European paten; apciicaiion which relate to the 
inventions ir respect of wnich search fees have been paid, nameiv claims: 



LACK OF UNITY OF INVENTION 



□ 



None of the further search fees have been paid within the fixed time limit. Tne present European searcn 
report has oeen drawn up for those parts of the European paten: application which relate to the invention 
first mentioned in the ciaims, namely claims: 



EP 0 927 767 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 98 31 0023 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
o< relevant passages 



Relevant 
to ciaim 



CLASSIFICATION Of THE 
APPLICATION QW1CI.6) 



D,A 



C. DEMERS ET AL, : "An ant1 thrombin III 
assay based on factor Xa Inhibition 
provides a more reliable test to identify 
congenital antlthrombin II! deficiency 
than an assay based on thrombin 
Inhibition" 

THROMBOSIS AND HEMOSTATISIS , 

vol. 69, no. 3, 1993, page 231-235 

XP002101236 

* the whole document * 

P. FRIBERGER ET AL.: "Antlthrombin assay 
- the use of human or bovine thrombin and 
the observation of a "second" heparin 
cof actor . " 

THROMBOSIS RESEARCH, 

vol. 25, 1982, pages 433-436, XP002101237 

* the whole document * 

EP 0 787 989 A (IWIUNO AG) 
6 August 1997 (1997-08-06) 

* claims 8,22-28 * 

EP 0 129 534 A (IMMUNO AG) 
27 December 1984 (1984-12-27) 

* claims * 



1-23 



1-23 



24-30 



24-30 



Tre present search report has been drawn up tor ail claims 



TECHNICAL FIELDS 
SEARCHED <mi.CU) 



THE HAGUE 



Daw ol comptooon ol to smk* 

6 October 1999 



Hoekstra, $ 



CATEGORY CF CITED DOCUMENTS 



X particularly relevant t taken ski no 

Y : particularly relevant if comtwwd with another 

document ol tne same category 
A ; technological background 
O no«-*rmen dtecloaure 
P : intermediate document 



T : theory or pnncipO underlying the invention 
E : earner patent document, but pubtafted on or 

after the filing date 
D : document ctfed in the application 
L : document cited tor other reasons 

A ; member of the eame patera family, eevfteeponarng 
documem 



EP 0927 767 A3 



European Patent LACK OF UNITY OF INVENTION App " Mumber 

onM * SHEET B EP 98 31 0023 



The Seaxh Division considers that the present European patent application does not comply with the 
requirements of unity of invention ana relates to several inventions or groups of inventions, namely: 

1. Claims: L-23 

Heparin derivatives and ATI II determination methods 
Involving heparin derivatives. 



2. Claims: 24-30 

Reference plasma's 



EP 0 927 767 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 31 0023 



This annex lists me paten: tomrty members relating to the patent documents cited in me above-mentioned European search report. 
The members are as contained in the European latent Office EDP tile on 

The European Patent Oftice is in noway liable for those particulars which arc merely given for t>e purpose of information. 

06-10-1999 



Patent document 




Publication 




Patent family 


■ Publication 






date 






date 


EP 0064452 


A 


10-11-1932 


FR 


2504928 A 


05-11-1982 






AT 


12791 T 


15-05-1985 






CA 


1180292 A 


01-01-1985 






DK 


189982 A 


30-10-1982 






ES 


511470 A 


01-02-1983 






IE 


52906 B 


13-04-1988 






OP 


57190001 A 


22-11-1982 


EP 0657547 


A 


14-06-1995 


JP 


7008298 A 


13-01-1995 






US 


5646007 A 


08-07-1997 






wo 

If V 


9500663 A 


05-01-1995 




A 


15-10-1992 


US 


5262325 A 


16-11-1993 


1 




AM 




13-04-1995 






ah 




02-11-1992 






CA 


2083162 A C 


05-10-1992 






rp 

LI 


0537325 A 


21-04-1993 






JP 

wf 


2542780 B 


09-10-1996 






tic 


5338677 A 


16-08-1994 


rp fi7A70ftQ 
tr 


A 


06-08-1997 


AT 


403289 B 


29-12-1997 






AT 


17196 A 


15-05-1997 


EP 0129534 


A 


27-12-1984 


AT 


379310 A 


27-12-1985 






AT 


185983 A 


15-05-1985 






AT 


45747 T 


15-09-1989 






AT 


69552 T 


15-12-1991 






CA 


1211371 A 


16-09-1986 






DE 


3485288 A 


02-01-1992 






DK 


241684 A 


21-11-1984 






DK 


292090 A 


07-12-1990 






EP 


0307002 A 


15-03-1989 






ES 


532641 A 


01-12-1985 






JP 


1797638 C 


28-10-1993 ' 






OP 


5003480 B 


14-01-1993 






JP 


59222421 A 


14-12-1984 






JP 


2083828 C 


23-08-1996 






JP 


5320198 A 


03-12-1993 






JP 


7116235 B 


13-12-1995 






US 


4510084 A 


09-04-1985 



l 

S — 

o 

£ For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



(19) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europeen dee brevets 



(12) 



(43) Date of publication: 

07.07.1999 Bulletin 1999/27 

(21) Application number: 98310023.1 

(22) Date of filing: 08.12.1998 



(n) EP 0 927 767 A2 

EUROPEAN PATENT APPLICATION 

(51) InlCI* C12Q 1/56 



(84) Designated Contracting States: 


(72) Inventor: Trlscott, Mark X 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Balhwin, Missouri 63021 (US) 


MC NL PT SE 


Designated Extension States: 


(74) Representative: Eyles, Christopher Thomas 


AL LT LV MK RO SI 


W.P THOMPSON & CO. 




Celcon House 


(30) Priority: 09.12.1997 US 987038 


289-293 High Holborn 




London WC1V7HU (GB) 


(71) Applicant. Sigma-Aldrich Company 




Highland, Illinois 62249 (US) 





(54) Improved thrombin-based assay for antithrombin-lll 



(57) Thrombin-based assays are disclosed for de- 
termining ant thrombin III (ATI 1 1) present in a plasma 
sample. The assays involve a heparin derivative which, 
like heparin, effectively enhances the antithrombin ac- 
tivity of ATIII, but which, unlike heparin, docs not sub- 
stantially enhance the antithrombin activity of Heparin 
cofactor II (HCII). In the present assay, HCII contributes 



about 1 5% or less to the determined antithrombin activ- 
ity. A lyophilized reagent composition, useful in the ATIII 
assay and comprising thrombin and a heparin deriva- 
tive, or alternatively comprising thrombin and heparin, 
is also disclosed. A high-calibrator plasma reference 
useful in the ATIII assays and in assays for other plasma 
constituents is also disclosed. Kits employing the sev- 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention generally relates to protocols for evaluating the hemostasis of a patient at risk of de- 
veloping thrombosis, and specifically, to diagnostic assays for determining the level of antithrombin III present in a 
plasma sample withdrawn from a patient. The invention particularly relates, in a preferred embodiment, to a chromog- 
enic thrombin-based (ie, type Ha) assay for determining antithrombin III. The invention also relates to a heparin deriv- 
ative, to a reagent composition and to a high -calibrator plasma reference useful in such assays and to kits employing 
the same. 

[0002] The advantageous formation of blood clots during wound healing and the undesirable development of thrombi 
in connection with thrombosis both involve the proteolytic action of the serine protease thrombin on fibrinogen. The 
level of thrombin present in vivo is primarily regulated by the heparin -catalyzed thrombin inhibitor, antithrombin III 
(ATIII). Hence, the level of ATIII present in vivo is of significant clinical importance for diagnosing and monitoring patients 
at risk for excessive bleeding, due to abnormally high levels of ATI 1 1, or at risk for developing thrombi, due to abnormally 
low levels of ATIII. 

[0003] One type of assay for antithrombin ill is based on the capability of ATIII present in a plasma sample to inhibit 
the proteolytic activity of exogenously added thrombin in the presence of heparin. The residual, uninhibited thrombin 
is then determined by methods typically involving, for example, thrombin-specific chromogenic substrates and spec- 
trophotometry analyses, or alternatively, fibrinogen and clot-forming analyses. 

[0004] However, such thrombin-based ATI 1 1 assays - also referred to as factor I la ATIII assays - are inaccurate due 
to the activity of a second heparin -catalyzed thrombin-inhibitor, heparin cofactor II (HCII). See Tollefson et al., Heparin 
Cofactor I L Jrnl. Biol. Chem. 257:5, pp. 2162-2169 (1982). That Is, thrombin-based assays known in the art measure 
the levels of exogenous thrombin remaining after the thrombin has reacted with both ATIII and HCII - not just with 
ATIII. The inaccuracy of such assays are of particular clinical concern for ATI 1 1 -deficient patients. In cases where HCII 
is in the high normal range and ATIII is determined using thrombin-based assays known in the art, an ATIII deficiency 
can be masked by the HCII antithrombin activity. 

[0005] Several approaches have been developed for avoiding the masking effect of HCH. One proposed approach 
for a factor Ma assay involved the use of bovine thrombin in the presence of relatively low concentrations of heparin. 
See Friberger et al., Antithrombin Assay - The Use of Human or Bovine Thrombin and the Observation of a "Second' 
Heparin Cofactor. Thrombosis Research 25, pp. 433-436 (19S2). This approach, however, did not provide a commer- 
cially recognized solution to the problem. 

[0006] Another approach is described in U.S. Patent No. 5,646,007 to Enomoto et al., wherein a chromogenic 
thrombin-based ATIII assay is conducted in the presence of salt at a concentration ranging from about 0.2 M to about 
0.9 M. and preferably at a concentration greater than about 0.3. While this approach offers some benefits with respect 
to limiting the effect of HCII activity against thrombin, the sensitivity of chromogenic assays for thrombin decreases as 
the concentration of salt increases, due to an allosteric effect on thrombin in the presence of such higher salt concen- 
trations. Reduced sensitivity is of particular commercial significance for ATIII assays performed using automated an- 
alyzers. 

[0007] According to yet another approach, the ATIII assay is performed using exogenously added factor Xa as an 
indicator instead of thrombin. See Demers et al., An Antithrombin III Assay Based on Factor Xa Inhibition Provides A 
More Reliable Test to Identify Congenital Antithrombin III Deficiency Than an Assay Based on Thrombin Inhibition , 
Thrombosis and Hemostasis 69:3 pp. 231-235 (1993). Unlike thrombin, factor Xa is not inhibited by HCII. However, 
factor Xa-type ATIII assays are more expensive than factor lla-type assays. Moreover, factor Xa can be less stable 
than thrombin under certain conditions, and the factor Xa-based assays can require a greater degree of dilution. As 
such, factor Xa ATIII assays are less suitable for use with automated analyzers. 

[0008] Assays for determining ATIII, and in fact, assays for determining other plasma constituents, have other com- 
mon problems when the assay protocol involves correlation of a determined amount using a standard curve developed 
from reference plasma samples of known constituent concentration. Because reference plasmas known in the art 
typically have high-end constituent concentrations of less than about 105% of normal, it is not possible to directly 
determine a plasma constituent which is substantially above the normal concentration range of that constituent (e.g. 
about 110% or more). Instead of making such determination directly, it is presently necessary to dilute the patient 
plasma sample (e.g. 1 : 1 in saline), reperform the determination, and then multiply the determined amount by the dilution 
factor (e.g. 2 for a 1 : 1 dilution). 

SUMMARY OF THE INVENTION 



[0009] It is therefore an object of the present invention to provide an improved thrombin-based ATIII assay which 



EP0 927 767 A2 



provides lor detection of ATIII in human plasma samples, and, particularly, in plasma samples of ATIII deficient patients. 
It is also an object of the invention to provide thrombin-based ATIII assays which are not influenced by the antithrombin 
activity of HCII, which can be suitably performed with automated analyzers, and which are simpler to perform, yet 
suitably sensitive, accurate, reproducible and relatively inexpensive. 

[0010] It is a further object of the invention to provide simpler protocols for determining ATIII and other plasma con- 
stituents present at higher-than -normal concentrations. 

[0011] Briefly, therefore, the present invention is directed to a method for determining antithrombin III in a plasma 
sample. According to one approach for the method, the plasma sample is combined with thrombin and with a heparin 
derivative to form an assay mixture. A complex is formed between antithrombin 111 and thrombin in the assay mixture. 
The uncomplexed thrombin in the assay mixture is then determined and the determined uncomplexed thrombin is 
correlated to the antithrombin III in the plasma sample. 

[0012] In an alternative approach, ATIII in a plasma sample is determined by preparing an assay mixture comprising 
the plasma sample, exogenous thrombin, and a heparin derivative. The heparin derivative is effective for enhancing 
the formation of a thrombin-antithrombin III complex, but is substantially less effective than unmodified heparin for 
enhancing heparin cofactor II activity against thrombin. The assay mixture is then incubated, and the uncomplexed 
thrombin in the incubated assay mixture is determined. The determined uncomplexed thrombin is correlated to the 
antithrombin III in the plasma sample. 

[0013] In a further approach for determining antithrombin III in a plasma sample, an assay mixture comprising the 
plasma sample, exogenous thrombin, and a heparin derivative is prepared. The assay mixture is incubated, and then 
the uncomplexed thrombin in the incubated assay mixture is determined. The determined uncomplexed thrombin is 
correlated to the antithrombin III in the plasma sample. Heparin cofactor II contributes about 15% or less to the deter- 
mined antithrombin activity of antithrombin III. 

[0014] According to yet another approach for determining antithrombin III in a plasma sample, a modified heparin 
composition prepared by enzymatically digesting heparin is obtained, an assay mixture comprising the plasma sample, 
exogenous thrombin, and the modified heparin composition is prepared. The assay mixture is then incubated, and the 
uncomplexed thrombin in the incubated assay mixture is determined. The determined uncomplexed thrombin is cor- 
related to the antithrombin III in the plasma sample. 

[0015] The invention is also directed to a modified heparin compound. The modified compound comprises a heparin 
derivative which is effective for enhancing the antithrombin III activity against thrombin, but which is less effective than 
unmodified heparin for enhancing the heparin cofactor II activity against thrombin. 

[001 S] The heparin derivative can be one prepared by reacting heparin wilh an enzyme to form the heparin derivative 
and one or more disaccharides. 

[001 7] The heparin derivative can also be one prepared by reacting heparin with a chondroitinase. 

[0018] The invention is further directed to a modified heparin composition prepared by enzymatically digesting 

heparin. 

[0019] Another aspect of the invention is directed to a method for preparing a heparin derivative. The method com- 
prises forming a solution comprising heparin, adding an enzyme to the heparin solution, and allowing the enzyme to 
react with heparin to form a heparin derivative and an unsaturated disaccharide. 

[0020] According to another approach, the method for preparing a heparin derivative comprises reacting heparin 
with a chondroitinase. 

[0021] The invention is directed as well to a reagent useful in a thrombin-based antithrombin III assay. The reagent 
is a lyophilized composition comprising (1 ) thrombin and (2) heparin or a heparin derivative. 

[0022] A further aspect of the invention is directed to a kit for a thrombin-based antithrombin III assay useful to 
determine antithrombin III in a plasma sample. The kit includes (1 ) a diluent composition comprising a chondroitinase 
ACI-treated heparin and an alkali metal-halide salt, (2) a reagent composition comprising an chondroitinase ACI-treated 
heparin, an alkali metal-halide salt and thrombin, and (3) a chromogenic thrombin substrate. 
[0023] The invention is directed, in a different aspect, to a method for preparing a high-calibrator reference plasma 
suitable for use as a standard for determination of a plasma constituent. A normal reference plasma is obtained and 
a volume. V 1} of the normal reference plasma is lyophilized. The lyophilized normal reference plasma is reconstituted 
to form a reconstituted plasma of a volume, V 2 , where the ratio of V 2 :V, ranges from about 7:8 to about 1:6. 
[0024] In another method for preparing a high-calibrator reference plasma suitable for use as a standard for deter- 
mination of a plasma constituent, a normal reference plasma comprising a plasma constituent at a concentration ranging 
from about 90% of normal to about 110% of normal is obtained. A volume, V v of the normal reference plasma is 
lyophilized, and the lyophilized normal reference plasma is then reconstituted to form a reconstituted plasma of a 
volume, V 2 . V 2 is less than and the reconstituted plasma comprises the plasma constituent at a concentration of 
about 120% of normal or greater. The plasma constituent is preferably ATIII. 

[0025] The invention is directed, moreover, to a kit that includes (1) a lyophilized reference plasma comprising a 
plasma constituent at a concentration ranging from about 90% of normal to about 110% of normal, and (2) instructions 
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to reconstitute the lyophilized reference plasma with a volume sufficient to form a reconstituted plasma which includes 
the plasma constituent at a concentration of about 120% of normal or greater. 

[0026] The present invention, as described and claimed herein, is advantageous over prior art methods for deter- 
mining ATIII, and solves the several problems associated with such known methods. In particular, the present invention 
provides compounds, reagents and methods by which the HCII activity against thrombin is essentially removed. More- 
over, this is accomplished without sacrificing sensitivity of the ATIII assay and without using expensive and potentially 
unstable reagents. The reagents of the present invention can be used to determine ATIII according to simplified pro- 
tocols. The high-calibrator plasma samples of the invention can be used to simplify the protocols for determining ATIII 
and/or other plasma constituents lor patient plasma samples having constituent values greater than about 110% of 
normal. Other features and objects of the present invention will be in part apparent to those skilled in the art and in 
part pointed out hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 shows determined ATIII values for plasma samples having various known ATIII concentrations. Ref- 
erence samples were prepared by dilution of a normal reference plasma with saline, and HCII-normal samples prepared 
by dilution of a normal reference plasma with ATI 1 1 -deficient plasma (Affinity Biologicals) having less than 1% normal 
ATIII level, but containing normal levels of heparin cofactor II (HCII) as well as other plasma constituents. The reference 
samples were assayed using a thrombin-based assay with unmodified heparin (standard curve designated as 'refer- 
ence/ untreated* - closed squares). The HCII-normal samples were assayed with a thrombin-based assay using un- 
modified heparin (standard curve designated "HCII-normal/ untreated" open squares), and independently, with the 
thrombin-based assay of the present invention using a heparin derivative prepared using chondroitinase AC (standard 
curve designated "HCH-normal/treated" - triangles) . Values are reported in percent normals. 
[0028] FIG. 2 shows determined ATIII values for plasma samples having various known ATIII concentrations. Ref- 
erence samples were prepared by dilution of a normal reference plasma with saline, and HCII-normal samples were 
prepared by dilution of a normal reference plasma with ATI 1 1 -deficient plasma (Affinity Biologicals) having less than 1 % 
normal ATIII level, but containing normal levels of heparin cofactor II (HCII) as well as other plasma constituents. The 
reference samples and the HCII-normal samples were assayed using unmodified heparin in assay mixtures in which 
the sodium chloride concentration was 175mMor310mM. with the results designated as "reference/untreated/0.175M" 
(closed squares), as "HCII-norma!/untreated/0. 175M" (diamonds), as 'reference/untreated 31 0M" (triangles), and as 
"HCII-norma!/untreated/0.310M (open squares). Values are reported in percent normals. 

[0029] FIG. 3 shows determined ATIII values for plasma samples having various known ATIII concentrations. Ref- 
erence samples were prepared by dilution of a normal reference plasma with saline, and HCII-normal samples were 
prepared by dilution of a normal reference plasma with ATlll-deficient plasma (Affinity Biologicals) having less than 1% 
normal ATIII level, but containing normal levels of heparin cofactor II (HCII) as well as other plasma constituents. The 
reference samples and the HCII-normal samples were assayed using an assay mixture including chondroitinase AC- 
treated heparin and 31 0 mM sodium chloride, and, independently, using an assay mixture including unmodified heparin 
and 1 75 mM sodium chloride. The standard curves developed are designated as "ref erence/untreated/0. 1 75M" (closed 
square), as "HCII-normal/untreated/O.^SM" (diamonds), as "reference/troated/0.310M" (triangles), and as "HCII-nor- 
mal /treated/0.31 0M" (open squares). 

[0030] FIG. 4 shows determined ATIII values for ATI 1 1 -depleted plasma samples having various known concentrations 
of HCM. ATHI-depleted samples were prepared by diluting ATNMmmunodepleted plasma (Affinity Biologicals) having 
less than 1% normal ATIII level, but containing normal levels of heparin cofactor II (HCII) as well as other plasma 
constituents. The ATlll-depleted samples were assayed using an assay mixture including chondroitinase AC-treated 
heparin and 310 mM sodium chloride, and, as an independent control, using an assay mixture including unmodified 
heparin and 1 75 mM sodium chloride. The standard curves are referred to as ■ ATI ll-depleted/untreated/0. 1 75M" (closed 
square), and as "ATMI-depleted/treated/OSIOM" (diamonds). 

[0031] FIG. 5 shows the results of a correlation study comparing the ATIII assay of the present invention (using 
chondroitinase-AC treated heparin with a NaCI concentration of 220 mM) to a known thrombin-based assay (using 
unmodified heparin with a NaCI concentration of 175 mM). Regression analysis of the data indicates a correlation 
coefficient, r, between the ATIII assay of the present and the known thrombin-based assay of r=0.93. 
[0032] FIG. 6 shows the results of a correlation study comparing the ATIII assay of the present invention (using 
chondroitinase AC-treated heparin with a NaCI concentration of 220 mM) to a known Factor Xa-based assay. Regres- 
sion analysis of the data indicates a correlation coefficient, r, between the ATIII assay of the present and the known 
Factor Xa-based assay of r=0.98. 

[0033] FIG. 7 compares normal and abnormal determined ATIII ranges for a population of healthy volunteers assayed 
using a Factor Xa-based assay, a known thrombin-based assay (using unmodified heparin), and the thrombin-based 
assay of the present invention (using a heparin derivative prepared with chondroitinase AC). Abnormal samples were 
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selected as < 75% normal based on the Factor Xa assay. 

DETAILED DESCRIPTION OF THE INVENTION 

5 [0034] The present Invention involves a modified heparin compound which, like heparin, effectively enhances the 
« antithrombin activity of ATI 1 1 , but which, unlike heparin, does not substantially enhance the antithrombin activity of HCIl. 

More specifically, the modified heparin compound of the present invention is a heparin derivative which enhances HCIl 
activity against thrombin substantially less than unmodified heparin enhances the HCIl activity against thrombin. The 
heparin derivative preferably enhances the HCIl antithrombin activity at least about 2 times less than unmodified 
10 heparin, more preferably at least about 4 times less than unmodified heparin, and most preferably at least about 5 
times less than unmodified heparin. 

[0035] The modified heparin compound of the present invention is prepared, according to a preferred embodiment, 
by enzymatically digesting heparin to form a heparin derivative and one or more unsaturated disaccharides. (See 
Example 1 ). The type of heparin used as a starting material for preparing the heparin derivative is not narrowly critical. 

15 The heparin can be heterogeneous heparin or low molecular weight heparin. The heparin can, moreover, be from any 
animal source, including for example, human, bovine and/or porcine heparin. The heparin is preferably heterogeneous 
heparin and is preferably obtained from either bovine or porcine. Heterogeneous porcine heparin is most preferred, 
and is available commercially from Sigma Chemical, St. Louis, Missouri. (Catalog No. H3393). 
[0036] A buffered solution comprising unmodified heparin is preferably formed by combining heparin with a buffer 

20 and adjusting the pH to range from about 4 to about 1 0, and most preferably to be about 7.2. While any suitable buffer 
may be employed, a sodium phosphate buffer is preferred. The concentration of heparin in the solution preferably 
ranges from about 0.01 U/ml to about 100,000 U/ml, more preferably from about 1 U/ml to about 20,000 U/ml, and is 
most preferably about 10,000 U/ml. One unit of heparin activity, U, is defined as per the United Stales Pharmacopeia 
(USP). 

25 [0037] An enzyme having an activity which cleaves one or more disaccharides from heparin to form a heparin de- 
rivative is added to the heparin-containing bufferred solution to form a reaction solution. The enzyme is preferably a 
chondroitinase enzyme, and is, more preferably, a chondroitinase enzyme derived from Flavobacterium heparinium. 
Chondroitinase ACI is a most preferred enzyme and is available commercially from Sigma Chemical, St. Louis, Missouri, 
as chondroitinase AC. (Catalog No. C27B0). Other enzymes, including chondroitinase ABC, chondroitinase B, chon- 

30 droitinase C and chondroitinase ACIL may also be suitable for practicing the invention. 

[0038] When the preferred chondroitinase ACI is employed, the concentration of enzyme in the reaction solution 
preferably ranges from about 0.01 unit/ml to about 100 unit/ml, more preferably from about 0. 1 unit/ml to about 10 unit/ 
ml, and is most preferably about 1 unit/ml. One unit of chondroitinase ACI activity is defined herein as an amount which 
causes a delta OD232 of 1 .0/min acting on chondroitin sulfate A at pH 7.3 at 37 °C. The concentrations and/or volumes 

35 can be adjusted to form a reaction solution in which the ratio of the chondroitinase ACI to the heparin preferably ranges 
from about 1:10 to about 1:100,000, more preferably from about 1:1000 to about 1:20,000, and is most preferably 
about 1:10,000 units. 

[0039] The enzymatic digestion is preferably effected by mixing the reaction solution and then incubating the reaction 
solution at a temperature preferably ranging from about 12 °C to about 56 °C, more preferably from about 30 °C to 

40 about 45 °C, and preferably at a temperature of about 37 °C for a period of time ranging from about 1 2 hours to about 
60 hours, preferably from about 24 hours through about 48 hours, and most preferably for about 40 hours. Following 
digestion for the above-specified periods, the enzyme is preferably inactivated by suitable methods known in the art. 
A preferred inactivation step includes heating the reaction solution to an elevated temperature for a period sufficient 
to inactivate the enzyme. Chondroitinase ACI can be inactivated, for example, by submersing the container or vial that 

45 holds the reaction solution in a boiling water bath for about 5 minutes. 

[0040] The resulting modified heparin composition, which comprises a heparin derivative and one or more disaccha- 
rides, can be characterized based on its spectrophotometry absorbance at OD232. The modified heparin composition 
preferably has an increased absorbance at OD232 relative to the reaction solution prior to enzymatic digestion. The 
OD232 absorbance of the modified heparin composition (ie, measured after digestion) preferably increases by an 

50 amount ranging from about 0.05% to about 50% of its original value, more preferably from about 0.1% to about 25% 
of its original value, and is most preferably about 10% of its original value. If desired, the heparin derivative can be 
isolated from the modified heparin composition using separation protocols known in the art. For example, the heparin 
derivative can be separated by size using chromatographic protocols and/or by sulfate content. Preferably, however, 
the modified heparin composition containing the heparin derivative is used directly in an assay mixture, as described 

55 below. 

[0041] When the heparin derivative is prepared by enzymatic digestion of heparin, the unmodified heparin to which 
the heparin derivative is compared for HCII-enhancing activity is preferably unmodified heparin which is analogous to 
the heparin from which the heparin derivative is prepared. That is, the unmodified heparin to which the heparin derivative 
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is compared is preferably of the same molecular-weight heterogeneity as (e.g. heterogeneous heparin versus low- 
molecular weight heparin), and is preferably species-homologous or species-autologous to the heparin used as a 
starting material for preparing the heparin derivative. For example, when the heparin derivative is derived from heter- 
ogeneous porcine heparin, the HCII-enhancing activity of the heparin derivative is preferably compared to the HCH- 
enhancing activity of heterogeneous, unmodified porcine heparin. 

[0042] The heparin derivative of the present invention, while preferably derived as described above from unmodified 
heparin, can also be prepared by other methods known in the art. For example, the heparin derivative can be isolated, 
as described above, and then synthetically prepared. The synthetic preparation can involve organic synthesis protocols 
known in the art and can, if appropriate, also involve recombinant DNA technology, including, but not limited to the use 
of genetically engineered plasmids or other vectors, and corresponding host cell systems. When the heparin derivative 
is prepared by methods which do not involve using unmodified heparin as a starting material, the unmodified heparin 
to which the heparin derivative is compared for HCII-enhancing activity is preferably unmodified heterogeneous bovine 
heparin or unmodified heterogeneous unmodified porcine heparin, and preferably heterogeneous unmodified porcine 
heparin. 

[0043] The heparin derivative can be advantageously employed in an improved thrombin-based ATIII assay. (See 
Example 2 and Example 3). Generally, the ATIII assay is performed by obtaining a plasma sample, combining the 
plasma sample with a heparin derivative and with thrombin to form an assay mixture, forming a complex between ATIII 
and thrombin without forming a diagnostically significant degree of complex between HCII and thrombin, determining 
the uncomplexed thrombin present in the assay mixture, and correlating the determined uncomplexed thrombin to the 
antithrombin III present in the plasma sample. 

[0044] The plasma sample is preferably a human plasma sample, and can be obtained from blood drawn from a 
patient according to conventional methods known in the art. Preferably, the plasma sample is collected and stored in 
accordance with NCCLS (National Committee for Clinical Laboratory Standards, Inc., Wayne. PA) guidelines H21-A2. 
According to a preferred method, venous blood is drawn into a plastic or siliconized syringe, avoiding stasis and con- 
tamination with tissue fluid. The blood (9 parts by volume) is immediately transferred to a tube containing a 3.2% or 
3.8% solution of sodium citrate (1 part by volume). Alternatively, the blood may be drawn into commercial vacuum 
tubes containing the citrale solution. The citrated blood is mixed and then centrifuged at 2500 x g for 15 minutes to 
obtain a citrated plasma. The plasma is transferred to a test tube for storage at a temperature ranging from about 2 
°C to about 8 °C for up to 4 hours after collection, or alternatively, at about -20 °C for up to one month after collection, 
and then thawed at 37 °C for 30 minutes before use. 

[0045] Because human plasma samples include both ATIII and HCII antithrombin activity, the present method is most 
advantageously employed with patients known to be or suspected of being at risk of thrombosis, and particularly, with 
patients known to have or suspected of having an antithrombin deficiency. Known antithrombin III deficiencies include, 
for example, genetic deficiencies (e.g. Type I and Type II) and acquired deficiencies such as those occurring in con- 
sumptive coagulopathies (e.g. DVT, DIC, pulmonary emboli), other disease states (e.g. severe liver disease, nephrotic 
syndrome), surgery, pregnancy, trauma and certain courses of therapy (e.g. L-asparaginase). ATIII levels may be lower 
in infants up to six months in age and in women. ATIII levels also decrease with age. 

[0046] The plasma sample can be used to form the assay mixture directly as an undiluted plasma sample or after 
diluting, as a diluted plasma sample. While the plasma sample will typically be one which is withdrawn from a patient 
to be determined for ATIII for diagnostic or monitoring purposes, the plasma sample can also, as discussed in more 
detail below, be a standard plasma sample having a known concentration of ATIII for development of a correlation 
standard. 

[0047] The plasma sample is combined with a heparin derivative and with exogenous thrombin to form an assay 
mixture. The heparin derivative, described above, is preferably present in the assay mixture in an excess, non-limiting 
amount, relative to the amount of ATIII present in the plasma sample. The heparin derivative is, more specifically, 
preferably present in the assay mixture at a concentration preferably ranging from about 0.1 U to about 10 U, more 
preferably from about 0.2 U to about 1 2 U, and most preferably from about 0.3 U to about 0.7 U, where the unit, U, is 
defined in the same manner as for heparin. When the preferred heparin derivative, chondroitinase ACI-treated heparin, 
is employed, the concentration of the chondroitinase ACI-treated heparin is most preferably about 0.5 U. The thrombin 
can be any suitable thrombin, including human, bovine, porcine, horse or goat thrombin. Bovine thrombin is preferred, 
and is commercially available from Sigma Chemical, St. Louis, Missouri (Cat. No. T 4648, and others). The thrombin 
is present in the assay mixture in stoichiometric molar excess relative to that required to complex with ATIII, whereby 
residual, uncomplexed thrombin will be present in the assay mixture after the ATI 1 1 -thrombin reaction is complete. In 
a preferred embodiment, the concentration of thrombin present in the assay mixture preferably ranges from about 1 
lU/ml to about 25 lU/ml, and more preferably from about 5 lU/ml to about 15 lU/ml. The thrombin is most preferably 
present in the reaction mixture at a concentration of about 8 lU/ml. 

[0048] The particular order in which the plasma sample, heparin derivative and thrombin are combined is not narrowly 
critical. For example, the plasma sample can be combined with a heparin derivative and with thrombin by adding the 
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heparin derivative to the plasma sample first, incubating tof orm a heparinized plasma sample, and then adding thrombin 
to the heparinized plasma sample. Alternatively, the heparin derivative and thrombin can be added to the plasma 
sample at about the same time. In another, preferred, approach, the assay mixture is formed by adding a heparin 
derivative to the plasma sample, with or without incubating, to form a heparinized plasma sample and then adding both 

5 thrombin and additional heparin derivative to the heparinized plasma sample. 
» [0049] The assay mixture preferably also includes a salt. The salt can be an organic salt such as citrate. The salt 

can also be. additionally or alternatively, an inorganic salt. Preferred inorganic salts include alkali metal halides such 
as sodium halides or potassium halides, with sodium chloride, NaCl, or potassium chloride, KCI, being more preferred. 
Sodium chloride is a most preferred salt. The concentration of salt present in the assay mixture during formation of the 

io ATHI-thrombin complex is preferably sufficient for the heparin derivative to enhance the ATI II activity for thrombin without 
substantially enhancing the HCII activity for thrombin. An optimized concentration of salt is one in which (1 ) the heparin 
derivative complexes with ATIII, but (2) does not complex to a diagnostically significant degree with HCII, yet (3) is not 
so high as to effect adverse allosteric changes to thrombin. A diagnostically significant degree of complexing is, as 
explained in more detail below, generally one in which HCII contributes 15% or less of the determined ATIII/HCII an- 

75 tithrombin activity, more preferably 10% or less of the determined antithrombin activity, even more preferably 5% or 
less of the determined antithrombin activity, and most preferably 2% or less of the combined antithrombin activity. (See 
Example 4 and Example 5, showing the effect of salt concentration on an ATIII assay using, respectfully, unmodified 
heparin and a heparin derivative). In a preferred embodiment, where the heparin derivative is a chondro'rtinase-treated 
heparin (e.g. chondroitinase ACI-treated heparin) and the salt is an alkali metal halide (e.g. NaCl), the concentration 

20 of salt preferably ranges from about 0.175 M to about 0.3 M, more preferably from about 0.2 M to about 0.25 M, and 
most preferably about 0.22 M. While the recited ranges are presently preferred for the preferred embodiment, the 
concentration of salt in the reaction mixture can, in general, be optimized by a person of skill in the art. according to 
the guidelines presented herein. 

[0050] The assay mixture can also include other compounds and/or reagents known in the art. For example, the 

2$ assay mixture preferably includes a buffer with the pH of the assay mixture being adjusted to range from about 6 to 
about 10, and most preferably to be about 8.2. Suitable buffers include, for example, tris, phosphate, barbital, glycylg- 
iycine, BES, MOPS, TES, HEPES, TAPSO and TAPS. TAPS is a preferred buffer. The assay mixture can also include 
surfactants (e.g. Tween 80 or Triton X-100 - (polyoxyethylene(10)isooctylphenyl ether)), cheating agents (e.g. EDTA), 
preservatives (e.g. sodium azide), and other agents commonly employed in plasma assays as diluents and for other 

30 reasons known in the art, such as bovine serum albumin, gelatin, dextran and/or poiyethyleneglycol. The concentrations 
of these additional compounds and/or reagents can be determined by a person of skill in the art. 
[0051] A preferred assay mixture comprises the plasma sample, an chondroitinase ACI-treated heparin, thrombin 
and NaCl as described above, as well as suitable amounts of TAPS. EDTA ? Tween 80 : gelatin, sodium azide, dextran 
and bovine serum albumin. (See Example 3). 

35 [0052] For convenience, the assay mixture is preferably formed from prepared compositions that include a heparin 
derivative and, optionally, thrombin, in combination with each of the other compounds to be added to the plasma 
sample. For example, a heparin-derivative diluent composition can be prepared that includes a heparin derivative and 
salt in an appropriate buffer, and additionally, surfactants, chelating agents, preservatives and other compounds com- 
monly employed. The concentration of heparin derivative in the diluent composition preferably ranges from about 0.05 

40 u/ml to about 10 U/ml, more preferably from about 0.2 U/ml to about 1 .2 U/ml, and is most preferably about 0.5 U/ml. 
A preferred heparin-derivative diluent composition includes chondroitinase ACI-treated heparin, NaCl. TAPS, EDTA, 
Tween 80, gelatin, sodium azide, dextran and bovine serum albumin. (See Example 2). 

[0053] A heparin-derivative-thrombin reagent composition can include thrombin in addition to each of the components 
of the diluent composition. The concentration of thrombin in the reagent composition preferably ranges from about 1 
45 iu/ml to about 100 lU/ml, more preferably from about 4 lU/ml to about 25 lU/ml, and is most preferably about 8 lU/ml. 
Accordingly, a preferred heparin-derivative-thrombin reagent composition includes thrombin, chondroitinase ACI-treat- 
cd hoparin : NaCl, TAPS, EDTA, Tween 80, gelatin, sodium azide, dextran and bovine serum albumin. (See Example 
2). The heparin derivative in the diluent composition or in the reagent composition is preferably provided to these 
compositions as a modified heparin composition resulting from the preparation of the heparin derivative, without iso- 
* so lation of the heparin derivative, as described above. If desired, the plasma sample can be diluted with the diluent 
composition before forming the assay mixture. The assay mixture can be formed by combining a plasma sample, 
whether diluted or not, with the reagent composition. 

[0054] Regardless of the exact nature in which the assay mixture is prepared, a complex is formed between anti- 
thrombin present in the plasma sample (now part of the assay mixture) and thrombin added to the plasma sample. 
55 The nature of the complex formed is not critically significant. Without being bound by theory, the complex is believed 
to be based on ionic and/or covalent interactions between ATIII and thrombin. The heparin derivative is thought to 
induce a conformational change in ATIII, and/or to act as a polysaccharide bridge between thrombin and ATIII. The 
complex is preferably formed by incubating the assay mixture at a temperature and time sufficient, in combination to 
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allow complex formation. Typically, and preferably, the complex is formed by incubating the assay mixture for periods 
ranging from about 15 seconds to about 30 minutes, more preferably from about 1 minute to about 3 minutes, and 
most preferably for about 2 minutes at temperatures ranging from about 18 °C to about 45 °C, and more preferably 
at temperatures ranging from about 34 °C to about 40 °C and most preferably at a temperature of about 37 °C. 
[0055] Significantly, the heparin derivative effectively enhances the ATM I activity against thrombin but does not sub- 
stantially enhance the HCII activity against thrombin. As such, no detectable complex, or at most, minimally detectable 
complex is formed between HCII and thrombin. (See Figure 1 , Example 2). The degree of HCII-thrombin complexing 
is preferably less than would be diagnostically significant. For plasma samples of patients known or suspected of being 
ATM-deficient, a diagnostically significant degree of HCII-thrombin complex formation is one in which HCII accounts 
for more than about 15% of the determined ATIII/HCII antithrombin activity, as measured using a thrombin-based ATIII 
assay, such as shown in Example 2. Reducing the contribution of HCII to about 15% or less offers advantages over 
presently known thrombin-based ATIII assays, in which HCII accounts for about 25% to 30% of the determined ATIII 
activity. HCII preferably accounts for about 10% or less of the determined antithrombin activity more preferably about 
5% or less of the determined antithrombin activity, and most preferably about 2% or less of the determined antithrombin 
activity. The advantageous effect of the heparin derivative is enhanced, in a preferred embodiment, by usingthe heparin 
derivative in combination with an increased salt concentration. (See Examples 5, 6, 7 and 8). 
[0056] Once the added thrombin has been complexed, the amount of uncomplexed, residual thrombin remaining in 
the assay mixture can be determined. Uncomplexed thrombin can be determined by any method known in the art, 
including, for example, clot-forming assays and chromogenic assays. In a clot-forming assay, the residual, uncom- 
plexed thrombin is determined by adding fibrinogen and measuring the clotting time using a fibrometer. Alternatively, 
and preferably, a chromogenic assay is employed in which a chromogenic thrombin substrate is added to the incubated 
assay mixture and the amount of uncomplexed thrombin is measured with a spectrophotometer. Several suitable chro- 
mogenic substrates that develop color upon reaction with thrombin are known in the art, including SAR-PRO-ARG p- 
Nitroanilide. S-2238 (H-D-Phe-Pip-Arg-pNA). Spectrozyme-TH (H-D-CHT-Ala-Arg-pNA), CBS-34-47 (H-D)CHG-But- 
Arg-pNA) and 2AcOH-H-D-HHT-AJa-Arg-pNA, among others. SAR-PRO-ARG p-Nitroanilide (Sigma Chemical, St. Lou- 
is, Missouri, Cat. No. T 1553) is a preferred thrombin substrate. After adding the chromogenic thrombin substrate to 
the incubated assay mixture, the mixture is further incubated, preferably at about 37 °C, to allow the chromogenic 
thrombin substrate to react with the uncomplexed thrombin, and the color to develop. Either a rate measurement or 
an endpoint measurement is obtained using a spectrophotometer (405 nm with the preferred thrombin substrate). The 
rate measurement reports the change in absorbance per unit time, and is typically associated with automated analyzers. 
The endpoint measurement reports the absorbance of the mixture after a certain period of time (e.g. about 2 minutes). 
The thrombin reactions are stopped at an appropriate time by adding a stop reagent. Suitable stop reagents include 
glacial acetic acid (Sigma Chemical, St. Louis, Missouri, Cat. No. A 6283), and 2% citric acid solution, formed, for 
example, from 2 g. citric acid monohydrate (Sigma Chemical. St. Louis, Missouri, Cat. No. C 1909) in 100 ml water. 
Other stop reagents are known in the art. 

[0057] The determined amount of uncomplexed thrombin is then correlated to the amount of antithrombin III which 
was originally present in the plasma sample being assayed. Generally, the ATIII content in the sample is inversely 
proportional to the determined uncomplexed thrombin. The determined uncomplexed thrombin is preferably correlated 
to ATIII using a standard curve. The standard curve should be prepared using the same laboratory equipment and 
methods as are employed for determining ATIII of a patient's plasma sample. Briefly a standard curve is prepared by 
assaying plasma samples having known ATIII levels and then plotting the absorbance measurement (e.g. value or 
rate), typically on the y-axis, against the known ATIII concentration, typically on the x-axis. Once the standard curve 
is obtained, it can be used to determine unknown ATIII levels in a patient plasma sample by obtaining the absorbance 
measurement and then reading it against the curve to determine the corresponding ATIII level. 
[0058] A preferred standard can be prepared as follows. A normal reference plasma (NRP), such as ACCUCLOT™ 
(Sigma Chemical, St. Louis, Missouri, Cat. No. A7432), or a citrated normal plasma pool (NPP) with an assumed value 
of 100% normal is diluted using the preferred diluent composition described above. A 100%-ATIII standard plasma 
sample is prepared by combining the NRP or NPP (25 with the diluent composition (975 uJ). A 50%-ATIII standard 
plasma sample is prepared by further diluting the 100%-ATIII standard (500 pi) with the diluent composition (500 uJ) . 
A 0%-ATIII standard plasma sample can be the diluent composition (1000 uJ) itself. In an equivalent protocol, the 
preferred standard samples can be prepared by serially diluting the NRP in physiological saline and then combining 
25 ^l of each diluted sample to 975 uJ of the diluent composition. 

[0059] An alternatively preferred standard curve can be prepared from a high-calibrator reference plasma to cover 
a wider range of ATIII concentrations. (See Example 9 and Example 10). While the high-calibrator reference plasma 
is described herein in connection with ATIII assays, its use is not limited to ATIII calibration. The high -calibrator reference 
plasma can be used as a standard for any plasma constituent, including for example, besides ATIII, other plasma 
proteins such as protein C, protein S, factor II, factor V, factor VIII, factor IX, factor X, factor XI, factor XII, kallikrein. 
prekallikrein, tPA, PAI-1, fibrinogen and plasminogen. Use of a high-calibrator reference plasma allows for determina- 



EP 0 927 767 A2 



tion of a plasma constituent (e.g. ATIII) in a patient plasma sample having higher than normal amounts of the constituent 
(e.g. over 110% normal), without having to reassay the sample in prediluted form in a second assay. Hence, the high- 
calibrator reference plasma can be used to construct standard curves that will encompass a wider range of high-end 
constituent values and will, thereby, avoid time consuming reassay in g of high -end samples. 
[0060] A high-calibrator reference plasma can be made by obtaining a normal reference plasma, lyophilizing a vol- 
ume, V 1( of the normal reference plasma, and reconstituting the lyophilized normal reference plasma with debnized 
water to form a reconstituted plasma of a volume, V 2 , where V 2 is less than . V 2 is preferably an amount sufficient 
to form a reconstituted plasma having the plasma constituent at a concentration of about 120% of normal or greater, 
preferably at a concentration ranging from about 120% to about 175% of normal and most preferably ranging from 
about 130% to about 150% of normal. The ratio of the second volume to the first volume, V 2 :V 1( preferably ranges 
from about 7:8 to about 1 :8, more preferably from about 3:4 to about 1 :4, even more preferably from about 3:4 to about 
1 :2 : and is most preferably about 2:3. The resulting reconstituted plasma is the high-calibrator reference plasma which 
comprises a plasma constituent at a concentration of about 1 20% of normal or greater. The reference plasma preferably 
comprises a plasma constituent (indeed, each of the plasma constituents) at a concentration ranging from about 120% 
to about 175% of normal and most preferably ranging from about 130% to about 150% of normal 
[0061] The normal reference plasma employed in preparing a high -calibrator plasma reference is preferably human 
plasma. The normal reference plasma can be obtained from commercial sources or by pooling plasma samples from 
healthy individuals. Such normal plasma pools are typically citrated and have assumed value of 100% normal. Pref- 
erably at least about 7 units of human plasma are pooled. The pool may, if desired, be tested for ATIII content or for 
the content of any other plasma constituent for which the reference plasma will be used as a calibration standard. In 
general, the pool will be considered to have a value of 90% normal to 110% normal for ATIII. For other plasma con- 
stituents, the range of normal values may extend from 80% (e.g. Factor VIII) to 130% (e.g. Factor XII). Specific normal 
ranges for particular constituents besides ATIII are known in the art and/or can be readily determined by a skilled artisan 
by forming a normal pool as described herein and determining the particular constituent. The pooled plasma can be 
mixed with an appropriate buffer to obtain a pH ranging from about 6 to about 8.5, and preferably a pH of about 7.3. 
Glycine can also be added to the pooled plasma. The plasma can be mixed and then filtered to remove any particulates. 
[0062] Regardless of how obtained, the normal reference plasma is dispensed into vials or other suitable containers 
at a volume, V,, and then lyophilized according to methods known in the art. Generally, the plasma is frozen under 
vacuum at a temperature sufficient and for a period of time sufficient to form the lyophilized plasma. The temperature, 
vacuum and period of time are not narrowly critical, but lyophilization can be generally performed as follows. The 
plasma is frozen to a deep freeze temperature typically ranging from about -60 °C to about -20 °C without vacuum tor 
a period of time ranging from about 2 hours to about 24 hours. A vacuum is then applied, preferably ranging from about 
10 millitorr (about 1.33Pa) to about 200 millitorr (about 26.66Pa). The shelf temperature is then raised somewhat, 
typically to a temperature ranging from about 0 °C to about 25 °C, for a period of time sufficient to lyophilize the plasma. 
The lyophilization is, more preferably, performed by first deep-freezing the sample in a chamber to a temperature of 
about -40 °C without vacuum for a period of about 4 hours, then drawing a vacuum in the chamber of less than about 
200 millitorr (about 26.66Pa) : and subsequently raising the temperature preferably to about 25 °C for a period sufficient 
for the product to reach about 25 °C for about 4 hours. In a preferred embodiment, 1 .5 ml of a normal reference plasma 
is supplied to a vial and lyophilized by freezing for about 4 hours at -40 *C without vacuum. A vacuum of less than 
about 200 millitorr (about 26.66Pa) is subsequently applied, and the shelf temperature is raised to about 25 a C for a 
period of time sufficient to lyophilize the plasma sample. The lyophilized plasma sample is preferably sealed under 
vacuum. The lyophilized plasma sample can be stored, prior to reconstituting, for about 2 years at temperatures from 
about 2 °C to about 8 °C. 

[0063] For use, the lyophilized plasma sample is reconstituted with a suitable solvent to form a reconstituted plasma 
having a volume, V 2 , as described above. Water is a preferred reconstituting solvent, and is deionized water is most 
preferred. However, other solvents and/or solutions, such as the aforedescribed heparin-derivative diluent composition 
or heparin-derivative-thrombin reagent composition can also be employed to reconstitute the lyophilized plasma sam- 
ple. The high -calibrator reference plasma is, for the preferred embodiment discussed above, reconstituted with deion- 
ized water to 1.0 ml, such that the ratio of is 3:2. This effectively increases the concentration of all plasma 
constituents, including ATIII, to approximately 1.4 times their original concentration - effecting plasma constituent 
values of about 130%-140% normal. The high -calibrator plasma reference can be stored, in reconstituted form, for 
about 96 hours at about 2 °C to about 8 °C for ATIII. Storage times may vary for other plasma constituents. 
[0064] It is preferable that the reconstituted plasma be calibrated against a verified primary or secondary, traceable 
standard before use in forming standard samples. For example, for use in connection with an ATIII assay, the high- 
calibrator reference plasma can be verified using the WHO 2 nd International Standard for Antithrombin, Plasma 93/768 
(established 1994). (International Institute for Biological Standards and Controls, Potters Bar, U.K.). Verification can 
be done by diluting the reconstituted high-calibrator reference plasma with saline (e.g. 1:1), determining the value of 
the plasma constituent of interest (e.g. ATIII) against the verification standard, and then multiplying the determined 
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value by the dilution factor (e.g., by 2 for a 1:1 dilution). A high-calibrator reference plasma prepared and verified as 
describe above should recover within typical assay specifications (typically 5-8%). 

[0065] The verified high-calibrator reference plasma can be used to form standard calibration curves for any plasma 
constituent, as generally known in the art, and as described herein for ATM. The verified high-calibrator reference 
plasma can be supplied, in kit form, as a reconstituted plasma solution, as a lyophilized high calibrator reference 
plasma. Alternatively, a kit can include (1) a lyophilized normal reference plasma comprising a plasma constituent at 
a concentration ranging from about 90% of normal to about 110% of normal, and (2) instructions to reconstitute the 
lyophilized reference plasma with a volume sufficient to form a reconstituted plasma which includes the plasma con- 
stituent at a concentration of about 1 20% of normal or greater, and preferably at the preferred ranges and concentrations 
of the high-calibrator reference plasma set forth above. 

[0066] The ATIII assay, as set forth above, can be performed using manual or automated protocols, regardless of 
the reference plasma employed. In a preferred manual protocol, a plasma sample is obtained from a patient as de- 
scribed above. The plasma sample (25 u.l) is diluted with the preferred heparin-derivative diluent composition (1000 
Hi) described above, which includes the preferred heparin derivative. The diluted plasma sample (200 u.l) is incubated 
in a glass or plastic test tube at 37 »C for 2-4 minutes. The plasma sample is then combined with the preferred heparin- 
derivative-thrombin reagent composition (200 >il), described above, which includes the preferred heparin derivative 
and thrombin, to form an assay mixture. The assay mixture is then incubated at 37 °C for 2 minutes and then stopped 
using a stop reagent. The preferred chromogenic thrombin substrate (200 uJ), described above, is then added to the 
incubated assay mixture, mixed, and incubated for 2 minutes to form a developed assay mixture. The reaction is then 
stopped. Water (200 uJ) may, at this point, be optionally added to the developed assay mixture. The absorption is then 
read at 405 nm against a reagent blank prepared in the following order: 200 \i\ stop reagent, 200 uJ diluent composition, 
200 uJ reagent composition, 200 nl chromogenic thrombin substrate, and if water is added to the developed assay 
mixture, 200 uJ water. The absorbance obtained is then correlated against a standard curve prepared using the same 
protocols for samples having known amounts of ATIII, as described above. 

[0067] In a preferred automated method, an AMELUNG AM AX CS-1 90™ Coagulation Analyzer can be used accord- 
ing to operational instructions. According to one approach, the analyzer is programmed to take 5 uJ of undiluted plasma 
sample, to add 275 ul of the described heparin-derivative-thrombin reagent composition to form an assay mixture, to 
incubate the assay mixture for 3 minutes at 37 *C and to then add 50 pi chromogenic thrombin substrate. The analyzer 
measures reaction kinetics (mE/min) after 20 seconds, 40 seconds and 60 seconds, and automatically calculates ATIII 
activity, reported as percent normal, from a calibration curve developed by reference calibration performed by the 
instrument. In an alternative automated approach, a diluted plasma sample can be employed, with appropriate pro- 
gramming of the analyzer to account for the dilution. 

[0066] Kits for performing the described ATIII assay can include a heparin-derivative diluent composition, as de- 
scribed, a heparin-derivative-thrombin reagent composition, as described, and a chromogenic substrale. The kit can 
also include instructions for forming the assay mixture according to the methods provided herein. A diluent composition 
for a preferred kit includes a heparin derivative, preferably chondroitinase ACI-treated heparin, and a salt, preferably 
an alkali metal halide salt. A reagent composition for a preferred kit includes a heparin derivative, preferably chondroi- 
tinase ACI-treated heparin, a salt, preferably an alkali metal halide salt, and thrombin. The concentration of salt in the 
assay mixture prepared from these compositions according to the instructions of the kit preferably ranges from about 
0. 1 75 M to about 0.3 M. 

[0069] In a preferred embodiment, the heparin-derivative diluent and the heparin -derivative-reagent composition are 
provided in the kit as lyophilized compositions. A lyophilized diluent composition comprises a heparin derivative. A 
lyophilized reagent composition comprises thrombin and a heparin derivative. The lyophilized compositions can also 
include an appropriate buffer, an inorganic salt, and additionally, surfactants, chelating agents, preservatives and other 
compounds commonly employed. A preferred lyophilized reagent composition preferably comprises chondroitinase 
ACI-treated heparin, thrombin, NaCI, TAPS, EDTA, Tween 80, gelatin, sodium azide. dextran and bovine serum albu- 
min. A preferred lyophilized diluent composition is the same as the preferred reagent composition but without thrombin. 
[0070] The lyophilized reagent composition can be prepared by lyophilizing a heparin-derivative-thrombin reagent 
solution in which the concentration of heparin derivative preferably ranges from about 0.5 U/ml to about 6 U/ml, more 
preferably from about 1 .0 U/ml to about 2.5 U/rnl, and is most preferably about 1 .5 U/m! t and in which the concentration 
of thrombin preferably ranges from about 8 lU/ml to about 96 lU/ml, more preferably from about 16 lU/ml to about 40 
lU/ml, and is most preferably about 24 Ill/ml. These concentrations of heparin derivative and thrombin in the reagent 
solution (ie, as prepared for lyophilization) represent preferred ranges of from 1 x to 1 2x of the preferred concentrations 
in the heparin-derivative-thrombin reagent composition (from which the aforedescribed assay mixture is preferably 
formed). The more preferred ranges are from 2x to 5x, with the most preferred concentration being a 3x composition. 
[0071J The compositions can be lyophilized by freezing at a temperature and under vacuum for a period of time 
sufficient to form the lyophilized plasma. The temperature, vacuum and period of time are not narrowly critical, but 
lyophilization can be generally performed as follows. The compositions are frozen to a deep freeze temperature typically 
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ranging from about -60 °C to about -20 °C without vacuum for a period of time ranging from about 2 hours to about 24 
hours. A vacuum is then applied, preferably ranging from about 1 0 millitorr (about 1 . 33Pa) to about 200 millitorr (about 
26.66Pa). The shelf temperature is then raised somewhat, typically to a temperature ranging from about 0 °C to about 
25 °C, for a period of time sufficient to lyophilize the composition. The lyophilization is, more preferably, performed by 
5 first deep-freezing the composition in a chamber to a temperature of about -40 °C without vacuum for a period of about 

i 4 hours, then drawing a vacuum in the chamber of less than about 200 millitorr (about 26.66Pa), and subsequently 

raising the temperature preferably to about 25 °C for a period sufficient for the product to reach about 25 °C for about 
4 hours. In a preferred embodiment, 4 ml of a the reagent solution is supplied to a vial and lyophilized by freezing for 

, about 4 hours at -40 °C without vacuum. A vacuum of less than about 200 millitorr (about 26.66Pa) is subsequently 

10 applied, and the shelf temperature is raised to about 25 °C for a period of time sufficient to lyophilize the solution. The 
lyophilized composition is preferably sealed under vacuum. The lyophilized composition can be stored, prior to recon- 
stituting, for about 2 years at temperatures from about 2 Q C to about 8 °C. 

[0072] Significantly, the lyophilized reagent composition comprises both heparin derivative and thrombin in a single 
lyophilized composition. Unlike prior art approaches in which only one of the heparin or thrombin were lyophilized or 

'5 in which heparin and thrombin were lyophilized as separate compositions, the lyophilized reagent composition allows 
for a simplified thrombin -based ATIII assay protocol. A reagent composition suitable for use in the ATI II assay can be 
obtained by reconstituting the lyophilized reagent composition with only water. While other reconstituting solvents or 
solutions could be employed as well, water, and preferably de ionized water offers the most user-friendly assay protocol. 
[0073] While the lyophilized reagent composition described above for use in connection with the present invention 

20 includes a heparin-derfvative and thrombin, a lyophilized reagent composition comprising both unmodified heparin and 
thrombin could also be prepared to obtain the same advantages for use of unmodified heparin and thrombin in con- 
nection with other assay protocols. The concentration of unmodified heparin in a heparin-thrombin reagent composition 
solution prepared for use in forming a lyophilized heparin -thrombin- reagent composition can be the same described 
above for the heparin derivative. 

25 [0074] The following examples illustrate the principles and advantages of the invention. 

EXAMPLES 

Example 1: Preparation of Heparin Derivative 

30 

[0075] A 50 mM sodium phosphate buffer was prepared with sodium phosphate monobasic and the pH was adjusted 
to 7.2. Sodium salt of heparin (grade A-1 , Porcine Intestinal Mucosa, activity 1 70 USP units/mg Sigma Cat No. H3393) 
was used to make a 10,000 U/ml solution of heparin in the sodium phosphate buffer prepared above. 
[0076] Chondroitinase AC (Sigma Catalog C27B0, from Flavobacterium heparinum 0.5-1.5 U/mg, 1 unit causes a 
35 delta OD232 of 1 .0/min due to release of unsaturated disaccharide from chondroitin sulfate A at pH 7.3 at 37C) was 
reconstituted in deionized water to 10U/ml immediately before use. The Chondroitinase AC was added to the heparin 
stock solution to give a final concentration of 1 unit/ml. Concentrations and or volumes were adjusted such that the 
ratio of chondroitinase AC to heparin was 1 unit/10,000 units. 

[0077] The solution was mixed thoroughly, and the OD232 was determined using the phosphate buffer as a blanking 
40 solution. The mixture was then sealed and incubated at 37C for 24-48 hours. At the end of the incubation time the 
OD232 was again determined and an increase in OD of approximately 10% relative to the initial reading indicated that 
enzymatic digestion had occurred, and that disaccharides had been cleaved from the heparin to form heparin derivative. 
The vial was resealed and submerged in a boiling water bath for 5 minutes. 

4£ Example 2: Preparation of Heparin-Derivatfve-Thrombin Reagent Composition, Hepar in-Derivative Diluent 
Composition, and Chromogenic Thrombin Substrate 

[0078] A heparin-derrvative-thrombin reagent composition was prepared as follows. Thrombin (2-1 2 lU/ml) was add- 
ed to a buffer containing, N-tris[hydroxymethyl]methyl-3-amino-propanesulfonic acid (TAPS - 38 mM), 0.175M NaCI 
* so as well as ethylene diamine tetraacetic acid (EDTA - 3.75 mM), tween 80 (polyoxyethylenesorbitan monooleate - 
0.015%), sodium azide (0.003%), gelatin (bovine, autoclaved-33ug/ml), dextran (1.5%), bovine serum albumin (0.1%) 
polyethylene glycol (8000MW - 0 - 1%) and chondroitinase AC-treated heterogeneous porcine heparin (0.5 U/ml) at 
pH 8.2. 

[0079] A heparin-derivative diluent composition was prepared as described immediately above, but without thrombin. 
ss [0060] A chromogenic thrombin substrate composition was prepared by dissolving sarcosyl-proline-arginine p-ni- 
troanilide dihydrochloride to 2-3 mM in 1% mannitol. 
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Example 3: ATM Assay with Chondroltinase ACI-Treated Heparin 

[0081] ATM assays wore performed on two sets of standard plasma samples having known ATI 1 1 levels to create 
two standard curves ~ a reference curve and a HCll-normal curve. 
s [0082] A first set of standard plasma samples, referred to herein as reference samples, were used to prepare the 

reference curve. The reference samples were prepared from a 100%-ATIII norma! reference plasma (NRP), Sigma » 
Cat. No. A 7432, by diluting with saline to obtain 75%-ATIII, 50%-ATIII and 0%-ATIII reference samples having pro- 
gressively lower levels of all plasma constituents - including both ATM I and HCII. 

[0063] A second set of standard plasma samples, referred to herein as HCll-normal samples, were used to prepare « 

*o the HCll-normal curve. These samples were prepared from a 100%-ATIII normal reference plasma (NRP) by diluting 
with an ATlll-immunodepleted plasma (Affinity Biologicals) having less than 1 % normal ATM level, but containing normal 
levels of heparin cofactor II (HCII). The HCll-normal samples had progressively lower levels of ATM (75%-ATIII, 50%- 
ATIII and 0%-ATIII), with all other inhibitors, including HCII, remaining constant at its normal (100%-HCII) level. 
[0084] ATIH assays were performed on each of the HCll-normal samples with protocols involving heparin derivative 

is prepared according to Example I. The HCll-normal samples were diluted 1/40 in the heparin-derivative diluent com- 
position, prepared according to Example II (25 u.l plasma sample + 975 uJ diluent composition), and equilibrated to 
37C. 200 uJ of this mixture was mixed with 200 u,l of the heparin-derrvatrve-thrombin reagent composition prepared 
according to Example II and also equilibrated to 37C to form an assay mixture. The assay mixture, which included 175 
mM sodium chloride, was incubated for 2 minutes at 37 °C. 200 uJ of the chromogenic thrombin substrate prepared 

2° according to Example II as was added to the incubated assay mixture and allowed to react with the uncomplexed 
thrombin for exactly 1 minute or exactly 2 minutes, depending on the relative concentrations of thrombin and substrate, 
to form a developed assay mixture. The reactions were stopped using 200 uJ of glacial acetic acid or 2% citric acid. 
The absorbance of the developed assay mixture was read at OD405 using a spectrophotometer. A standard curve, 
designated as "HCH-normal/treated" was prepared by plotting the measured absorbance values (y-axis) against the 

2S known AT-III levels (x-axis) for the corresponding HCll-normal samples, as shown in Figure 1 (triangles). 

[0085] Control assays using unmodified porcine heparin were performed on each of the reference samples and, 
independently, on each of the HCll-normal samples. A heparin-diluent composition and a heparin-thrombin reagent 
composition were prepared as in Example II except that unmodified heparin was used in place of the chondroitinase 
AC-treated heparin. An ATM assay employing these unmodified-heparin based compositions was then performed ana I- 

ao ogously to the assay described immediately above. The resulting standard curves are shown in Figure 1 for the HCll- 
normal samples, designated as ■HCII-normal/untreated" (open squares), and for the reference samples, designated 
as "reference/untreated" (closed squares). 

[0086] Referring to Figure 1 , the contribution of HCII to the determined antithrombin activity for thrombin-based as- 
says employing unmodified heparin is shown by comparing the two control curves - the HCII-normal/untreated (open 

3S squares) and the reference/untreated curve (closed squares). The difference between the determined ATII I values for 
these curves at 5%-ATIII (where the reference/untreated plasma sample is known to contain 5%-ATIII and 5%-HCII 
and the HCII-normal/untreated plasma sample is known contain 5%-ATIII and 100%-HCII) represents the contribution 
to the determined activity made by non-ATM inhibitors, predominantly HCII. Hence, the contribution of HCII to the 
determined ATM activity for assays using unmodified heparin is about 25%. 

40 [0087] In contrast, the contribution of HCII to the determined antithrombin activity for thrombin-based assays em- 
ploying the preferred heparin derivative is shown by comparing the determined ATM values for the H CI l-norma treated 
(triangles) and the HCII-normal/untreated standard curves of Figure 1 at the known 5%-ATIII value. Although the as- 
sayed HCll-normal samples contained 100%-HCII, the HCII contributed only to the determined ATM when unmodified 
heparin was used in the assay, and significantly, the HCII in these samples did not contribute to the determined ATM 

45 levels when the heparin derivative was used in the assay. 

[0088] Similar results were obtained using automated protocols in which an assay mixture having a ratio of diluted 
plasma sample : heparin-derivatrve-thrombin reagent : chromogenic thrombin substrate of 1 :1 : 1 was used. In an alter- 
native automated protocol, the plasma sample was mixed with the heparin-derivative-thrombin composition at a ratio 
of 1 :55 in a total volume of 280ul, and incubated for 30-180 seconds. Subsequently, 40-70 pi of the thrombin substrate 

so was added, and the reaction rate was calculated by the instrument, and reported in terms of a % normal. * 

Example 4: ATIH Assay w/Unmodlfied Heparin and Various Concentrations of Sodium Chloride: 

[0089] In this example, ATM assays were performed on reference samples and HCll-normal samples essentially as 
55 described in Example 3 using unmodified heparin in assay mixtures in which the sodium chloride concentration was 
varied from 1 75 mM to 600 mM. Standard curves were prepared for 175 mM and 310 mM samples. These curves are 
referred to herein and in Figure 2 as "reference/ untreated/0. 175M" (closed squares), as "HCll-normal/ untreated/ 
0.175M" (diamonds), as "reference/untreated/ 0.310M" (triangles), and as "HCII-normal/untreated/D.3lOM (open 
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squares). 

[0090] Referring to Figure 2, the difference between the determined ATM values at the known 5%-ATHI level for the 
reference/untreated/0.175M curve (closed squares) and the HCII-normal/untreated/0.175M curve (diamonds) repre- 
sents the contribution of HCII to determined antithrombin activity using 175 mM sodium chloride - about 25%. The 
difference between the determined ATIII values at the known 5%-ATIII level for the reference/untreated/0.310M curve 
(triangles) and the HCII-normal/untreated/0.310M curve (open squares) represents the contribution of HCII to deter- 
mined antithrombin activity using NaCI concentrations of 31 0 mM - about 5%. Hence an increase in salt concentration 
can improve a thrombin-based ATIII assay by decreasing the effect of HCII on determined antithrombin activity. 

Example 5: ATIII Assay with Chondroitinase ACI-treated Heparin and with Increased Sodium Chloride 
Concentration 

[0091] ATIII assays were performed to observe the combined effect of using an assay mixture comprising a heparin 
derivative and higher salt concentrations. Reference samples and HCH-normal samples were assayed essentially as 
in Example 3 except using an assay mixture including chondroitinase AC-treated heparin and 310 mM sodium chloride, 
and, independently, using an assay mixture including unmodified heparin and 175 mM sodium chloride. The standard 
curves developed are referred to herein and in Figure 3 as "reference/untreatecV0.175M" (closed square), as "HCII- 
normal/untreated/O.^M" (diamonds), as 'reference/treated/0.310M" (triangles), and as "HCII-normal /treated/ 
0.310M* (open squares). 

[0092] Referring to Figure 3, the difference between the determined ATIII values at the known 5%-ATIII level for the 
reference/untreated/0.175M curve (closed squares) and the HCII-nonmal/untreated/0.175M curve (diamonds) repre- 
sents the contribution of HCII to determined antithrombin activity using unmodified heparin in a 1 75 mM sodium chloride 
assay mixture -- about 25%. In contrast, the difference between the determined ATIII values at the known 5%-ATIII 
level for the reference/treated/0.3lOM curve (triangles) and the for the HCI»-normal/treated/0.310M curve represents 
the contribution of HCII to determined thrombin activity using the heparin derivative and a 31 0 mM NaCI assay mixture 
- about 6%. 

Example 6: ATIII Assay of ATIII-Depleted Plasma 

[0093] Standard plasma samples, referred to herein as ATI 1 1 -depleted samples, were prepared from an ATHI-immu- 
nodepleted plasma (Affinity Biologicals) having less than 1% normal ATIII level, but containing normal levels of heparin 
cofactor II (HCII) as well as other plasma constituents, by diluting with saline. The ATlll-depleted samples had pro- 
gressively bwer levels of HCII (75%-HCIK 50%-HCII : 25%-HCII and 0%-HCII), and each had less than 1%-ATIII. 
[0094] The ATlll-depleted samples were assayed essentially as in Example 3 except using an assay mixture including 
chondroitinase AC-treated heparin and 310 mM sodium chloride, and, as an independent control, using an assay 
mixture including unmodified heparin and 175 mM sodium chloride. The standard curves developed are referred to 
herein and in Figure 4 as "ATlll-depleted/untreated/O.^SM" (closed square), and as ■ATIII-depleted/treated/0.310M" 
(diamonds). 

[0095] Referring to Figure 4, the ATIII determined using the unmodified heparin at 175 mM salt (closed squares) 
varies with decreasing HCII concentrations, indicating that the HCII is contributing to the determined antithrombin 
activity in a dose-dependent manner. In contrast however, the ATIII determined using the heparin derivative and 310 
mM salt is independent of HCII concentrations, and accurately determines the actual ATIII in each of the ATlll-depend- 
ent samples. The advantage of the ATIII assay of the present invention is also shown by comparing the ATlll-depleted/ 
untreated/ 0. 1 75M curve (closed square) with the ATI ll-depleted/ treated/0.31 0M (diamonds) at the HCII-1 00% position. 
This data shows that when ATIII is determined for plasma samples using known protocols (with unmodified heparin 
and 175 mM salt), that HCII contributes over 20% of the determined antithrombin activity. When ATIII is determined 
using the protocols of the present invention (with heparin derivative and 310 mM salt), however, the HCII contributes 
only about 2% of the determined thrombin activity. 

Example 7: Correlation Studies Between ATIII Assay with Chondroitinase ACI-treated Heparin and Other ATIII 
Assays 

[0096] A study was conducted to compare the ATIII assay of the present invention (using a heparin derivative) to 
known thrombin-based ATIII assays (using unmodified heparin) and to known Factor Xa-based ATM! assays. A total 
of 116 plasma samples were involved in the study. The plasma samples were obtained from normal healthy donors 
and from patients with liver disease, disseminated intravascular coagulation (DIC), and type I and type II genetic ATIII 
deficiencies. A small number of samples were prepared from mixtures of ATIII depleted, HCII depleted and normal 
plasma. 
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[0097] Control samples were analyzed using FDA approved methods on automated instruments using a commer- 
cially available Factor Xa-based ATIII assay and a commercially available Factor Ma (thrombin)-based assay with un- 
modified heparin and sodium chloride levels of 1 75 mM. The ATIII assay of the present invention was used to measure 
the ATIII levels in the same samples according to the methods as set as set forth in Example 3, using an assay mixture 
having chondroitinase AC-treated heparin and NaCI concentration of 220 mM. 

[0098] The assay results were subjected to regression analysis to determine the level of correlation between the 
methods. Figure 5 and Table 1 compare the results for the ATIII assay of the present invention to those for the known 
thrombin-based assay (using unmodified heparin). Figure 6 and Table 2 compare the results for the ATIII assay of the 
present invention to those for the Factor Xa-based assay. The correlation coefficient r indicates that the ATIII assay of 
the present invention correlates better with the Factor Xa-based assay (r=0.98) than with the known thrombin-based 
assay (r=0.93). Moreover, the correlation between the Factor Xa-based assay and the known thrombin-based assay 
(with unmodified heparin) was even lower (r=0.89, y=1.07x-6.26). This data indicates that the present ATIII assay 
correlates more closely to the HCIMndependent Xa based assay, than to heretofore known Factor lla-based ATIII 
assays involving unmodified heparin. 



TABLE 1 



ATIII Assay - Automated (Amelung-AMAX) New Thrombln-Based ATIII Assay vs Known Thrombin- Based 




ATIII Assay 




Regression Output: 




Constant 


-2.8748223 


Standard Err of Y Estimated 


9.12998044 


R Squared 


0.85751825 


R 




0.92602281 


Number of Observations 


116 j 


Degrees of Freedom 


114 


X Coefficient(s) 


1.03629444 


Standard Err of Coefficient(s) 


0.03956295 


Y = 


1.03 x -2.88 






TABLE 2 




ATIII Assay - Automated (Amelung-AMAX) Known Xa Assay vs New 


Thrombin-Based ATIII Assay 






Regression Output: 








Constant 


7.85729778 






Standard Err of Y Estimated 


5.06453959 






R Squared 


0.95615708 






R 


0.97783285 






Number of Observations 


116 






Degrees of Freedom 


114 






X Coefficient (s) 


0.91307889 






Standard Err of Coefficient(s) 


0.01831222 






Y = 0.91 x +7.85 





Example 8: Differentiation of Normal and Abnormal Patient Populations in Clinical Studies using Various ATIII 
Assays 



[0099] ATIII levels were established for a population of healthy volunteers using a Factor Xa-based assay, a known 
thrombin-based assay (using unmodified heparin with a salt concentration of 175 mM), and the thrombin-based assay 
of the present invention (using a heparin derivative prepared with chondroitinase AC with a NaCI concentration of 220 
mM). Thirty patient samples were selected which were determined to be abnormal (ATIII < 75% normal) based on the 
Factor Xa-based assay, and these samples were compared to the values obtained for the same samples using the 
known thrombin-based assay and the thrombin-based assay of the present invention. 

[0100] Ranges were determined for the normal and abnormal populations based on raw data and also calculated 
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from the mean plus or minus two standard deviations of the mean. The determined ranges based on raw data are 
presented in Figure 7. These ranges show that both the Factor Xa-based assay and the thrombin-based assay of the 
present invention were able to distinguish between normal and abnormal samples. That is, the lowest values for normal 
samples were clearly separated from the highest values for abnormal samples when ATIII was determined using these 
5 protocols. However, the known thrombin -based assay is not able to distinguish between some normal and abnormal 
plasma samples, as shown by the overlap between the lowest values for normal samples and the highest values for 
abnormal samples. The same differentiations and overlaps are observed for the mean ± 2SD data (data not shown). 

Example 9: Preparation of High Calibrator Reference Plasma 

10 

[0101] A normal reference plasma was prepared from a pool of 7 units of normal human plasma. The pooled plasma 
was mixed with a hepes/prop ionic acid buffer concentrate (2 M Hepes/ 40g/l propionic acid) and glycine (Sigma catalog 
G71 26 - 1 0g/I). The bufferred plasma was mixed and filtered to remove any particulates, and then dispensed into vials 
at a volume of 1.5 ml. Rubber stoppers were loosely applied. The vials were transferred to a lyophilizer (freeze dryer) 
is and frozen without vacuum tor 2-4 hours at -40 °C. A vacuum was then applied (<200 millitorr (<26.66Pa)). and the 
shelf temperature was set for 25C. When the plasma had reached 25 °C for 4 hours, the shelves were moved together 
to seal the caps on the vials under vacuum. 

[0102] The lyophiiized normal reference plasma was reconstituted with deionized water to 1 .0 ml to form the high- 
calibrator plasma reference. This effectively increased the concentration of all plasma proteins, including ATIII, to ap- 

2° proximately 1 .4 times their original concentration. 

[0103] The high-calibrator reference plasma was verified against the WHO 2 nd International Standard for Anti- 
thrombin, Plasma 90768 (established 1994). (International Institute for Biological Standards and Controls, Potters Bar. 
U.K.). Briefly, 16 to 24 vials of the high-calibrator reference material were diluted 1:1 with saline and then assayed for 
ATIII according to the methods of the present invention, in duplicate sets of experiments, using standard curves pre- 

25 pared from the verification standard. The determined ATIII value was multiplied by a dilution factor of 2, and indicated 
that the high-calibrator reference plasma had increased high-end range of 1 30%-140% normal. 

Example 10: ATIII Assays Using the High-Calibrator Reference Plasma as a Standard 

30 [0104] A standard curve was constructed as described in Example 3 using the high-calibrator reference plasma 
prepared as described in Example 9. The standard curve included a high-end ATIII values of up to about 140% of 
normal. The standard curve prepared from the high-calibrator reference plasma was employed to directly assay patient 
plasma samples having ATIII levels greater than about 120% of normal. Data from such direct high-end ATIII assays 
is included in the data presented in Figure 5 and Figure 6 (See Example 7) and in Figure 7 (See Example 8). 

35 

Example 11: Preparation of Lyophiiized Heparin- Der i vat Ive-Thrombin Reagent Composition 

[0105] The heparin-derivative-thrombin reagent solution was prepared as set forth in Example 2 ; except with a con- 
centration of heparin derivative of about 1 .5 U/ml, and with a concentration of thrombin of about 24 lU/ml. The reagent 
40 solution was dispensed into vials at a volume of 4 ml. Rubber stoppers were loosely applied. The vials were transferred 
to a lyophilizer (freeze dryer) and frozen for 2-4 hours at -40 °C. A vacuum was then applied (<200 millitorr (<26.66Pa)), 
and the shelf temperature was set for 25 °C. When the composition had reached 25 °C for 4 hours the shelves were 
moved together to seal the caps on the vials under vacuum. 

[0106] In separate runs, additional reagent solutions were prepared with the concentration of heparin varying from 
4* about 0.5 U/ml to about 6 U/ml and with the concentration of thrombin ranging from about 8 lU/ml to about 96 I U/ml. 
These solutions were lyophiiized essentially as described above. 

[0107] In light of the detailed description of the invention and the examples presented above, it can be appreciated 
that the several objects of the invention are achieved. 

[0108] The explanations and illustrations presented herein are intended to acquaint others skilled in the art with the 
• 50 invention, its principles, and its practical application. Those skilled in the art may adapt and apply the invention in its 
numerous forms, as may be best suited to the requirements of a particular use. Accordingly, the specific embodiments 
of the present invention as set forth are not intended as being exhaustive or limiting of the invention. 



55 Claims 

1. A method for determining antithrombin III in a plasma sample, the method comprising 
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combining the plasma sample with exogenous thrombin and with a heparin derivative to form an assay mixture, 

the heparin derivative being prepared by enzymatically digesting heparin, 

forming a complex between the antithrombin III and the thrombin in the assay mixture, 

determining the uncomplexed thrombin in the assay mixture, and 

correlating the determined uncomplexed thrombin to the antithrombin III in the plasma sample. 

2. The method of claim 1 wherein the heparin derivative is prepared by enzymatically digesting heparin to form the 
heparin derivative and one or more disaccharides. 

3. The method of claim 1 wherein the heparin derivative is prepared by enzymatically digesting heparin to form a 
modified heparin composition comprising the heparin derivative and one or more disaccharides, and the assay 
mixture is formed by combining the plasma sample with thrombin and with the modified heparin composition. 

4. The method of claim 1 wherein the heparin derivative is prepared by enzymatically digesting heparin with a chon- 
droitinase. 

5. The method of claim 1 wherein the heparin derivative is chondroitinase ACI-digested heparin. 

6. A method for determining antithrombin III in a plasma sample, the method comprising 

preparing an assay mixture comprising the plasma sample, exogenous thrombin, and a heparin derivative 
effective for enhancing formation of a thrombin-antrthrombin III complex, the heparin derivative being less 
effective than unmodified heparin tor enhancing heparin cofactor II activity against thrombin, 
incubating the assay mixture, 

determining the uncomplexed thrombin in the incubated assay mixture, and 

correlating the determined uncomplexed thrombin to the antithrombin III in the plasma sample. 

7. The method of claim 6 wherein the heparin derivative is at least 2 times less effective than unmodified heparin for 
enhancing heparin cofactor II activity against thrombin. 

8. The method of claim 6 wherein the heparin derivative is at least 4 times less effective than unmodified heparin for 
enhancing heparin cofactor II activity against thrombin. 

9. The method of claim 6 wherein the heparin derivative is at least 5 times less effective than unmodified heparin for 
enhancing heparin cofactor II activity against thrombin. 

10. A method for determining antithrombin III in a plasma sample containing endogenous heparin cofactor II, the 
method comprising 

preparing an assay mixture comprising the plasma sample, exogenous thrombin, and a heparin derivative, 
incubating the assay mixture, 

determining uncomplexed thrombin in the incubated assay mixture, and 

correlating the determined uncomplexed thrombin to the antithrombin III in the plasma sample, 

wherein the endogenous heparin cofactor II contributes about 15% or less to the determined inhibition of 

thrombin by antithrombin III. 

1 1 . The method of claim 1 0 wherein the endogenous heparin cofactor i\ contributes about 1 0% or less to the determined 
inhibition of thrombin by antithrombin III. 

1 2. The method of claim 1 0 wherein the endogenous heparin cofactor II contributes about 5% or less to the determined 
inhibition of thrombin by antithrombin III. 

13. A modified heparin comprising a heparin derivative effective for enhancing the antithrombin Ml activity against 
thrombin, the heparin derivative being less effective than unmodified heparin for enhancing heparin cofactor II 
activity against thrombin. 

14. The modified heparin of claim 13 wherein the heparin derivative is prepared by enzymatically digesting heparin to 
form the heparin derivative and one or more disaccharides. 
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15. The modified heparin of claim 13 wherein the heparin derivative is prepared by enzymatically digesting heparin 
with a chondroitinase. 

16. The modified heparin of claim 13 wherein the heparin derivative is prepared by enzymatically digesting heparin 
s with chondroitinase ACI . 

« 

17. A method for preparing a heparin derivative, the method comprising 

enzymatically digesting heparin with a chondroitinase. 

10 18. The method of claim 17 wherein the heparin is enzymatically digested with chondroitinase ACI. 

1 9. The method of claim 1 7 wherein heparin is enzymatically digested to form the heparin derivative and an unsaturated 
disaccharide. 

'5 20. A reagent useful in a thrombin-based antithrombin III assay, the reagent comprising 

a lyophiiized composition comprising (1) thrombin and (2) a heparin derivative effective for enhancing for- 
mation of a thrombin-antithrombin III complex, the heparin derivative being less effective than unmodified heparin 
for enhancing heparin cofactor II activity against thrombin. 

20 21. The reagent of claim 20 wherein the lyophiiized composition comprises thrombin and a modified heparin compo- 
sition prepared by enzymatically digesting heparin. 

22. The reagent of claim 20 wherein the lyophiiized composition is prepared by lyophilizing a reagent solution com- 
prising (1 ) thrombin at a concentration ranging from about 8 lU/ml to about 96 lU/ml, and (2) the heparin derivative 

2S at a concentration ranging from about 0.5 U/ml to about 6 U/ml. 

23. A kit for a thrombin-based antithrombin Hi assay useful to determine antithrombin III in a plasma sample, the kit 
comprising 

30 a diluent composition comprising a chondroitinase ACf-treated heparin and an alkali metal-halide salt, 

a reagent composition comprising an chondroitinase ACI-treated heparin, an alkali metal-halide salt and 
thrombin, 

a chromogenic thrombin substrate. 

35 24. A method for preparing a high -calibrator reference plasma suitable for use as a standard for determination of a 
plasma constituent, the method comprising: 

obtaining a normal reference plasma, 
lyophilizing a volume, Vj , of the normal reference plasma, and 
40 reconstituting the lyophiiized normal reference plasma to form a reconstituted plasma of a volume, V 2r where 

the ratio of V 2 :V 1 ranges from about 7:8 to about 1 :8. 

25. The method of claim 24 wherein the ratio of Vg.V, ranges from about 3:4 to about 1:4. 

45 26. The method of claim 24 wherein the ratio of V 2 :V 1 is about 2:3. 

27. The method of claim 24 wherein the normal reference plasma comprises antithrombin IN at a concentration ranging 
from about 90% of normal to about 110% of normal, and the reconstituted plasma comprises antithrombin III at a 
concentration of about 120% of normal or greater. 

• so 

28. The method of claim 27 wherein the reconstituted plasma comprises antithrombin III at a concentration of about 
130% of normal or greater. 

s 

29. The method of claim 27 wherein the reconstituted plasma comprises antithrombin III at a concentration of about 
5S 1 40% of normal or greater. 



30. A reference plasma suitable for use as a standard for determination of a plasma constituent, the reference plasma 
comprising antithrombin III at a concentration of about 120% of normal or greater. 
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